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Abstract 
The characterization, dc and ac ionic conductivity studies of 0.19Ba(NO3)2 - 0.81KNO3: CeO2  nano dispersed  sysyem, σx , has been 
measured from room temperature to nearly their melting points. At any temperature the maximum enhancement in conductivity 
occurs at 10.8m/o 0.19Ba(NO3)2 - 0.81KNO3:CeO2.  The activation energies are calculated in the extrinsic region of temperature. 
XRD and DSC indicate that no new structure is formed in the dispersoid material and the melting point is not affected.  The 
gradual increase in conductivity (0.19Ba(NO3)2 - 0.81KNO3:CeO2) is due to the presence of nano CeO2, which interacts with 
cations, thereby reducing ion pairing and increases the number of charge carriers. The incorporation of nano dispersoid particles 
not only reduces the interfacial resistance but also provides better enhancement in conductivity.  
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1. INTRODUCTION 
  Ionic conductors are important in the area of solid-state ionics. Solid-state ionics is the study of solid 
electrolytes and their uses. Solid-state ionic devices, such as solid oxide fuel cells can be much more reliable and 
long-lasting, especially under harsh conditions, than comparable devices with fluid electrolytes. The phenomenon 
relies on the hopping of ions. The study of ionic conductors in solid state originated way back in 1838 when Micheal 
Faraday first discovered that Ag2S and PbF2  are good conductors of electricity (Bruce P(1995), Faraday M(1838)).  
In composites, one attempts to enhance the conductivity of a normal ionic conductor, with an nano insulator (e.g. 
Al2O3, SiO2 and CeO2 ) J.Maier (1995). The composite is made up of three phases, MX, A and S, the interface 
between the two. The conductivity of the composite (MX–A) is governed by ionic transport via the MX–A interface. 
It is determined by conductivity of MX within the interface region, the effective thickness of the interface region 
and the grain size and shape of the insulating particles. 
 
1.1 Experimental 
 The starting materials Ba(NO3)2 and KNO3 were taken from Qualigens fine chemicals (SQ) of 99.5% purity, is 
first dissolved in double distilled water and then allowed to grow single crystals. The crystals so obtained are then 
crushed in an agate mortar, and then sieved. The dispersoid CeO2 of  particle size 10nm is used, as received from 
Adolf Meller Co. USA. Both the powders taken in a particular composition were mixed in the presence of acetone 
for an hour, manually, until the acetone got evaporated completely. Pellets were prepared by using a steel die at a 
pressure of 0.89GPa and were sintered at 2/3 of their corresponding melting points for 24 hrs. After cleaning the 
surfaces an electrode material (silver) was applied for good electrical contact. Pellet was then mounted in a spring 
loaded sample holder and annealed at about 150oC for 4 hrs before the data was recorded.    
 
1.2 Results and Discussion 
Characterization, DC and AC ionic conductivity measurements and dielectric properties were made in 
pellets of pure 0.19Ba(NO3)2 - 0.81KNO3:CeO2   solid Electrolyte  System in various compositions is explained below.  
 
x X-ray diffraction 
x Differential scanning calorimetry 
x TheScanning electron microscopy 
x Electrical and dielectrical properties 
 
1.21 X-ray diffraction   
 
 X-ray diffraction data, of host matrix (0.19Ba(NO3)2 - 0.81KNO3) and systems dispersed with 1.1m/o, 5.3m/o, 
10.8m/o and 20 mole percentages of CeO2 are shown in Fig 1.  It is noticed from the figure that no additional peaks 
were observed in the dispersed composite systems showing that dispersion of CeO2 does not affect the XRD 
patterns, which signifies that no chemical reaction or formation of solid solution takes place between the host 
material and CeO2.  XRD patterns of two phases exists separately i.e. the samples remain in biphasic mixture of host 
and CeO2 K.Hariharan and J.Maier (1995). It can also be seen from the figure that the peaks corresponding to 
10.8m/o CeO2 are found to be high in intensity with respect to the other mole percentages. Similar observations 
were made in the systems of CeO2-PVDF-HFP Vijay Kumar G. (2008),  NaCl–Al2O3, KCl–Al2O3, CsCl–Al2O3 
NaNO3- Al2O3 Shahi K. et al (1992), K. Shahi, et al(1994), Ashok kumar et al (1996), Anantha P.S. (2003). 
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Fig. 1.  X-ray diffraction   for 0.19Ba(NO3)2 - 0.81KNO3: CeO2 of various mole percentages 
 
 
1.2.2 DIFFERENTIAL SCANNING CALORIMETRY 
 
 DSC traces on pure mixed system(0.19Ba(NO3)2 - 0.81KNO3) and is dispersed with 1.1, 5.3, 10.8 and 20 mole 
percentages of CeO2 are shown in Fig 2. From figure it is clear that the melting point is practically unaffected in  
the CeO2 dispersed systems. Two small humps are observed one at nearly 1330C and other at 210oC . The first hump 
is a known transition and the second could be due to the formation of an amorphous phase in the space charge layer 
that is expected to form between the host material and the dispersoid particles N.F. Uvarov et al (1996).  Similar 
results were seen when the same system was dispersed with Al2O3 of particle size 0.06 μm and SiO2 of particle size 
(20nm). All these results indicate that no new structure is formed in the dispersoid material and the melting point is 
not affected. 
 
 
1.2.3 SCANNING ELECTRON MICROSCOPY 
 The scanning electron micrographs taken for 10.8m/o 0.19Ba(NO3)2 - 0.81KNO3: CeO2 is shown in fig 3. 
Uniform distribution of dispersoid in the host matrix can be noticed. The other mole percentages of CeO2 are not 
shown in want of space.   
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Fig. 2 DSC patterns for 0.19Ba(NO3)2 - 0.81KNO3: CeO2 of various mole percentages 
 
 
 
    Fig.3 SEM micrographs for 10.8 m/o of 0.19Ba(NO3)2 - 0.81KNO3: CeO2.    
 
   
1.2.4 ELECTRICA L AND DIELECTRICAL PROPERTIES 
 
Fig 4 shows the plot of ln(σT) versus 1000/T for host matrix 0.19Ba(NO3)2 - 0.81KNO3 and various mole percentages 
of CeO2 viz. 1.1m/o, 5.3m/o, 10.8m/o and 20m/o obtained from dc two probe method. The enhancement in 
conductivity is observed to increase with mole percent with a threshold at 10.8m/o where from enhancement starts 
falling with further increase in mole percent i.e., for 20m/o. The maximum enhancement at 10.8m/o is observed to 
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be about three orders of magnitude with respect to pure mixed system in the extrinsic conduction region.  
 Fig 5 shows the variation of dc ionic conductivity versus temperature plots for  0.19Ba(NO3)2 - 0.81KNO3 : CeO2, 
obtained from complex impedance study. The differences are mainly noticed in the values of the extrinsic regions.  
As seen from the results of dc two probe method, observations in this study of dc conductivity from complex 
impedance spectroscopy showed enhancement in conductivity in the extrinsic conduction region for dispersed 
systems as against 0.19Ba(NO3)2 - 0.81KNO3.  As it was also noticed earlier in the case of conductivity from two probe 
may also be noticed in this, which gives a good correlation between these two methods.  
 
 
The activation energies calculated for pure and dispersed systems derived from ln(σT) versus 1000/T plots 
are shown in table-I. The activation energies are calculated in the extrinsic region of temperature. It may be noticed 
from the table that the activation energy is minimum for 10.8m/o 0.19Ba(NO3)2 - 0.81KNO3:CeO2 where we got the 
maximum enhancement in conductivity. These results lead to the conclusion that the enhanced conductivity in 10.8 
m/o CeO2 is due to the increased concentration of defects Prakash Gopalan et al (2002), M.V. Madavarao Rao 
(2005).       
 
Table-I   
       Activation energies for 0.19Ba(NO3)2 - 0.81KNO3: CeO2  dispersed system  
                           Mole percentages Temp range(0C)  Activation 
energies(eV)  
                                 1.1m/o SiO2 200-250 0.69 
                                 5.3m/o SiO2 200-250  0.39  
                                 10.8m/o SiO2 200-250  0.11 
 
 
  The impedance measurements for all the compositions were carried out using Hioki Impedance analyzer 
(model 3532), having frequency range 50 Hz to 1 MHz. Fig. 6 shows the dielectric constant versus temperature 
plots for pure and different mole percentages of 0.19Ba(NO3)2 - 0.81KNO3:CeO2 at 900 KHz frequency. The dielectric 
constant is found to be maximum for 10.8m/o 0.19Ba(NO3)2 - 0.81KNO3:CeO2 and from then it is found to be 
decreasing. The dielectric constant for all the mole percentages remains constant throughout the temperature range 
of study i.e. up to 1600C and from then onwards a rapid increase is observed till 2800C. Increase in dielectric 
constant with m/o in the low temperature region (900C-1600C) is due to the increased concentration of defects in 
space charge layer formed between the host material and the dispersoid. Trace corresponding to dispersed systems 
with 20m/o showed a decrease in dielectric constant as compared to that due to 10.8 m/o. Further increase in mole 
percent results in clustering of the dispersoid particles leading to a decrease in the effective surface area in contact.
   
Variation of AC conductivity  with reciprocal temperature for host and different m/o of CeO2 viz. 1.1m/o,  
5.3m/o, 10.8m/o and 20m/o obtained from complex impedance analysis at 900 KHz  is shown in fig.7 The 
enhancement of conductivity is observed to increase with mole fraction i.e., the enhancement is maximum for  the  
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       Fig. 4  Conductivity versus reciprocal temperature for 0.19Ba(NO3)2 - 0.81KNO3:CeO2    
                  with various mole percentages (a) from dc two probe method   
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Fig. 5  Conductivity versus reciprocal temperature for 0.19Ba(NO3)2 - 0.81KNO3:CeO2          
  with various mole percentages  from complex impedance analysis. 
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10.8m/o 0.19Ba(NO3)2 - 0.81KNO3:CeO2 and it is found to decrease from 10.8m/o onwards . Conductivity is found to 
increase with temperature in all the cases. The reason for the enhancement of ac conductivity with mole percent is 
again due to the increased concentration of defects in the space charge region formed between host material and 
dispersoid particles.  
 
The reason for the enhancement of conductivity with mole percent is due to the increased concentration of 
defects in the space charge region formed between host material and dispersoid particles. The incorporation of nano 
dispersoid particles not only reduces the interfacial resistance but also provides better enhancement conductivity. 
According to theoretical models proposed by Jow and Wagner Jow,T. And Wagner,J.B (1979), Maier Maier.J., 
J.Mat.Res.Bull, Stoneham et al (1985) etc., the enhancement is inversely proportional to the radius of the dispersoid. 
According to them, when the submicron-size particles of dispersoid material are dispersed into the host matrix salt a 
space charge region of thickness is created around the dispersoid particles embedded in the host salt. 
 
As the structure of Cerium oxide is fluorite structure, where the oxygen atoms are all in a plane with one 
another, allowing for rapid diffusion. The increased diffusion rate of oxygen in the lattice causes increased catalytic 
activity as well as an increase in ionic conductivity, making ceria interesting as a fuel cell electrolyte in solid-oxide 
fuel cells. As the number of vacancies increases, the ease at which oxygen can move around in the crystal also 
increases and which intern enhances the conductivity. 
 
 A K Shukla et al.(1996) reported, using CeO2 as dispersoid particle rather than γ-Al2O3, that the maximum 
enhancement in conductivity is observed. The observed enhancement in the conductivity of the 0.09Ba(NO3)2 - 
0.91KNO3  : CeO2 system is discussed in terms of space charge layer formation at the interface due to stabilization of 
positively charged species (K+) at the CeO2 surface, thereby creating excess cation vacancies at the surface. 
 
 
        
       
   Fig. 6 The dielectric constant versus temperature plots for with various mole percentages. 
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       Fig.7    AC Conductivity versus reciprocal temperature plots for                                                
0.19Ba(NO3)2-0.81KNO3:CeO2  with various  mole percentages at 900 KHz. 
 
 
The gradual increase in conductivity (10.8m/o 0.19Ba(NO3)2 - 0.81KNO3:CeO2) due to the presence of CeO2, 
which interacts with cations, thereby reducing ion pairing and increases the number of charge carriers. Therefore 
conductivity of the system increases with increasing concentration of CeO2 because it amounts to the increase in the  
highly conducting bonds between dispersoid particle and host matrix. Subsequently, when the total volume of the 
interface layers is most effectively linked together, sample would show maximum conductivity. As the 
concentration of CeO2 further increases, CeO2 particles cannot be completely covered by the interface layers, simply 
because the available host cannot envelop all the CeO2 particles, and therefore conductivity decreases Maier,J. 
(1995). 
 
Conclusions : 
 
 
     The magnitude of enhancement was noticed to depend on the radius (r) of the dispersoid. The smaller 
the particle size, the larger the surface area will be, and higher the σ-enhancements. Hence nano-dimension 
dispersoid particles are expected to exhibit larger enhancements in the conductiivity.  For a given mole percent of 
the dispersoid used, the surface area in contact between the host material and the dispersoid would increase as the 
particle size of the dispersoid decreases. This in turn would contribute towards higher enhancement of the measured 
conductivity. As long as the mole percent of the dispersoid has not reached the stage where clustering of particles 
takes place, the enhancement is expected to be directly proportional to the total surface area. 
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